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A lattice model for active matter is studied numerically, showing that it displays wettings transi-
tions between three distinctive phases when in contact with an impenetrable wall. The particles in
the model move persistently, tumbling with a small rate α, and interact via exclusion volume only.
When increasing the tumbling rates α, the system transits from total wetting to partial wetting and
unwetting phases. In the first phase, a wetting film covers the wall, with increasing heights when
α is reduced. The second phase is characterized by wetting droplets on the wall with a periodic
spacing between them. Finally, the wall dries with few particles in contact with it. These phases
present nonequilibrium transitions. The first transition, from partial to total wetting, is continuous
and the fraction of dry sites vanishes continuously when decreasing the tumbling rate α. For the
second transition, from partial wetting to dry, the mean droplet distance diverges logarithmically
when approaching the critical tumbling rate, with saturation due to finite-size effects.
PACS numbers: 87.10.Mn,05.50.+q,87.17.Jj
Introduction. Active matter, composed of elements
able to transform stored energy in a reservoir into motion
at the individual scale, has gained attention as a model
for nonequilibrium systems where the driving is inter-
nal. It is a conceptual framework that aims to describe
the collective and individual dynamics of living matter
(microtubules, bacteria and other microorganisms, fish,
birds, or even larger animals) as well as nonliving ob-
jects (active colloids, vibrated grains, etc.). One of the
properties that characterize active matter is that par-
ticles present self-propulsion and persistence; this gives
rise to several phenomena, such as phase separation, large
diffusivities, giant density fluctuations, etc (see Refs. [1–
3] for recent reviews and references therein). Different
models have been introduced to account for persistence,
where active Brownian and run-and-tumble particles are
the most used for systems lacking of inertia, both in and
off lattice [4–6]. Depending on the model, persistence is
characterized by either the correlation length, the rota-
tional diffusivity, or the tumbling rate.
Self-propelled particles display important interactions
with solid surfaces, which normally manifest in particle
accumulation at the walls. At low Reynolds numbers,
there is a hydrodynamic attraction for pusher swimmers,
which leads to accumulation [7–12]. Also, the geomet-
rical alignment with surfaces that results from collisions
implies that particles remain in their vicinity for long
times [13–15]. Finally, concave walls, by their shape,
generate longer residence times near surfaces [16–18], an
effect that is also present for E.coli at convex walls pro-
vided that the curvature radius is large enough [18, 19].
In all these cases, the accumulation at surfaces is a re-
sult of individual interactions. Collective effects have also
been considered in Refs. [20–22]. In this Letter, we are
interested in the collective interaction of self-propelled
particles with solid surfaces. In particular, we are inter-
ested in the development of wetting transitions.
Molecular systems at equilibrium, when interacting
with solid surfaces, can present several wetting states,
depending on the temperature and surface tension [23].
In particular, a transition between phases of partial wet-
ting, with finite contact angle, and total wetting, where
the contact angle vanishes strictly, takes place close to
the bulk critical point [24, 25]. This equilibrium wetting
transition presents universal critical properties [23, 26].
To elucidate whether a collection of active particles de-
velops wetting transitions similar to those at equilibrium,
we study the simple persistent excluding particles (PEP)
model [27, 28], where particles interact by excluded vol-
ume only. In the PEP model, particles move in a reg-
ular lattice at discrete time steps with directions that
change randomly (tumble) at a small rate and excluded
volume is achieved by imposing a maximum occupation
per site. Persistence is characterized by the tumbling rate
α, where the correlation length scales as α−1. Depending
on the tumble rate and the maximum occupancy per site,
particles can either aggregate in few big clusters after a
coarsening process, develop many small clusters, or form
an homogeneous gas, with nonequilibrium transitions be-
tween these phases [28].
Here, we show that in the presence of a impenetrable
wall, three phases can develop. At low tumbling rates,
the particles can present total wetting, where a thick film
of particles forms. Increasing the tumbling rate, a transi-
tion to partial wetting takes place. Here, droplets dispose
almost periodically on the wall, increasing their distance
when increasing the tumbling rate. Finally, at higher
tumbling rates, the wall dewets of particles. These two
transitions present critical behavior, and critical expo-
nents for appropriate order parameters are obtained.
Model. We consider a two-dimensional realization of
the PEP model. A total of N particles move on a regu-
lar lattice composed of Lx × Ly sites. Each particle has
a state variable s = {±xˆ,±yˆ}, which indicates the direc-
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FIG. 4. Top: instantaneous values of the mass profile M(i) for nmax = 3 and increasing values of ↵ =
0.0067, 0.0092, 0.0115, 0.0137, 0.0160, for instants selected when the system presents the partial wetting phase. Similar fig-
ures are obtained for nmax = 3. Bottom: mass correlation function C(i)/C(0) for the same parameters. Recall that periodic
boundary conditions are used on y, hence limiting i to Ly/2 for the evaluation of C.
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FIG. 1. Left: Schematic representation of the three phases (total wetting, partial wetting and dewetted). In gray, a
film column. Right-top: instantaneous values of the mass profile M(i) for nmax = 3 and increasing values of ↵ =
0.0067, 0.0092, 0.0115, 0.0137, 0.0160, for instants selected when the system presents the partial wetting phase. Similar fig-
ures are obtained for nmax = 3. Right-bottom: mass correlation function C(i)/C(0) for the same parameters. Recall that
periodic boundary conditions are used on y, hence limiting i to Ly/2 for the evaluation of C. 3
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FIG. 1. Critical behavior described by the order parameter hZi above the total to partial wetting transition. Dots are obtained
from the simulation and the solid lines present the fits with the power law (1). From left to right, the values of nmax are 2, 3,
and 4.
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FIG. 2. Probabilities of getting di↵erent values of the order parameters   (first row) and ofM (second row), for di↵erent values
of ↵, and for nmax = 1, 2, 3, 4 (ordered from left to right). Darker levels of gray indicate larger probabilities. Dots indicate the
average value of the order parameters for each value of ↵. Inset: Probabilities for M = nmax (open circles), M = 2nmax (full
cicles), and M = 3nmax (stars).
the order parameters every 1000 time steps and build
the histograms of the di↵erent values they can take. As
M and   take integer values, no binning is necessary.
These probability distributions are shown in Fig. 2. For
nmax = 3, 4, the distributions of M show that rather
than bistability, the system presents multistability, with
higher probabilities to have an integer number of satu-
rated layers (M is a multiple number of nmax). An anal-
ysis of the probability distributions shows that indeed,
there are di↵erent transitions, when the probabilities to
have a certain number of layers vanish. For nmax = 1, no
transition takes place, but rather a continuous decrease
of the di↵erent probabilities when increasing ↵, and the
case for nmax = 2 is less clear. This behavior is similar
to the clustering transitions in one dimension, where also
for nmax   3 clear transitions are observed, for nmax = 1
no transition takes place and nmax = 2 corresponds to a
crossover [19].
Figure 2-inset shows that indeed the probabilities[NS:
, for nmax = 4,] to have complete layers vanish at certain
values of ↵. We analyze in detail the case when the last
layer (M = nmax) dissapears, as it corresponds to the
transition to dewetting. Figure 3 shows that P (M =
nmax) vanish at a critical tumbling rate ↵B , following a
power law
P (M = nmax) = p0 + p1(↵B   ↵)2.0±0.2, ↵ < ↵B , (2)
where the exponent 2 is a best fit to a power law, p0 is
I . 2. ritical behavior described by the order para eter h i above the total to partial wetting transition. Dots are obtained
fro the si ulations and the solid lines present the fits with the power law (1). From left to right, the values of nmax are 2, 3,
and 4.
these two phases, which alternate in the course of time.
Therefore, for each value of nmax and ↵, we measure
the order parameters every 1000 time steps and build
the histograms of the di↵erent values they can take. As
M and   take integer values, no binning is necessary.
These probability distributions are shown in Fig. 3. For
nmax = 3, 4, the distributions of M show that the sys-
tem presents multistability, with higher probabilities to
have an integer number of saturated layers (M being a
multiple number of nmax). An analysis of the probability
distributions shows that indeed, there are di↵erent tran-
sitions, when the probabilities to have a certain number
of layers vanish (see Fig. 3-inset). For nmax = 1, no
transition takes place, but rather a continuous decrease
of the di↵erent probabilities when increasing ↵, and the
case for nmax = 2 is less clear. This behavior is similar
to the clustering transitions in one dimension, where also
for nmax   3 clear transitions are observed, for nmax = 1
no transition takes place and nmax = 2 corresponds to a
crossover [28].
We analyze in detail the case when the last layer (M =
nmax) dissapears, as it corresponds to the transition to
dewetting. Figure 4 shows that P (M = nmax) vanishes
at a critical tumbling rate ↵B , following a power law
P (M = nmax) = p0 + p1(↵B   ↵)2.0±0.2, ↵ < ↵B , (2)
where the exponent 2 is a best fit to a power law, p0 is
a small o↵set probably due to finite size e↵ects, p1 is a
non-universal value, and ↵nmax=3B = 0.030 ± 0.002 and
↵nmax=4B = 0.022± 0.002.
To analyze the spatial structuration in droplets in par-
tial the wetting to dewetting transition, we consider the
mass spatial correlations C(i) ⌘ hM(i+ j)M(j)i hMi2.
The average is done in the steady state over j and
time. Figure 1 displays the correlation function together
with instantaneous values of the mass profile M(i), for
nmax = 3 and various values of ↵. It is evident that a
periodic structure is present for low values of ↵. These
correspond to wetting droplets, condensed on the walls.
A similar behavior is observed for nmax = 4 (not shown).
When increasing ↵, the associated wavelength increases
until it saturates with the system size Ly. The posi-
tion l of the first maximum of the correlation functions,
which measures the typical distance between droplets, is
analyzed as a function of ↵ for fixed nmax, showing the
existence of a critical point ↵C . For ↵ < ↵C , the critical
law
l = l0   l1 ln(↵C   ↵), (3)
is obtained, as shown in Fig. 4. Here l0 and l1 are non-
universal prefactors, and ↵nmax=3C = 0.024 ± 0.002 and
↵nmax=4C = 0.019 ± 0.002. These values are in good ac-
cord with the corresponding values of ↵B , extracted from
the probabilities, which characterizes the same transi-
tion. The di↵erence between both critical tumbling rates
is due to finite size e↵ects and it is an usual e↵ect that
FIG. 1. (Left) Schematic representation of the three phases (total wetting, with fraction of empty sites Z = 0; partial wetting,
with 0 < Z < 1; and dewetted of particles, with Z ≈ 0). In gray, a film column with ∆ = 3. (Right, top) Instantaneous
values of the mass profile M(i) for nmax = 3 and increasing values of α = 0.0067, 0.0092, 0.0115, 0.0137, 0.0160, for instants
selected when the system presents the partial wetting phase. Similar figures are obtained for nmax = 4. (Right, bottom) Mass
correlation function C(i)/C(0) for the same parameters. Recall that periodic boundary conditions are used on y, hence limiting
i to Ly/2 for the evaluation of C.
tion to which it points. Time evolves at discrete steps.
At each step, particles attempt to jump one site in the
direction pointed by s. If the occupation of the desti-
nation site is smaller than the maximum occupancy per
site nmax, the jump takes place; otherwise, the particle
remains at the original position. nmax models particle
overlaps: if nmax = 1 the interaction between particles
is steric, while larger valu s allow for increasing degrees
of verlap. This overlap can account for the deforma-
tio of microorganisms or their organization in quasi-
two-dimensional layers, which allows larger occupancies
in the two-dimensional projected plane. The position up-
date of the particles is asynchronous to avoid two parti-
cles attempting to jump to the same site simultaneously.
That is, at each time step, the N particles are sorted
randomly and, sequentially, each particle jumps to the
site pointed by s depending on its occupation. Finally,
at the end of the update phase, tumbles are performed:
for each particle, with probability α [29], the director s
is redrawn at random from the four possibilities, inde-
pendently of the original value. This model (model 1)
is the two-dimensional version of the one presented in
Refs. [27, 28]. In analogy to hard-core systems, parti-
cles only interact via excluded volume effects and there
are no energetic penalizations, explicit partial motility
reduction as in Motility-Induced Phase Separation [30],
or explicit alignment as in Ref. [31].
To study the wetting phen menon, the system is
bounded by walls in the x directi n, while bei g peri-
odic in y. Particles pointing to a wall cannot jump to it
and remain immobile until tumble events take place. For
low tumbling rates, here is high probabili y that new
particles arriv , blocking the first ones. The wall there-
for acts as a nucl ation site for clusters and, naturally,
we s by particles. The wetting film ill increase by de-
ceasin α, as has been obse ved under dilute conditions
[14, 15]. Here, we investigate if this tendency is smooth
or, rather, if transitions take place.
The control parameters are the particle d nsity φ =
N/(LxLy), the tumble rate α, and the maximum occu-
pation number nmax. Time is measured in time st ps and
lengths in lattice sizes; therefore particles have velocities
0, ±xˆ, ±yˆ. The model has the intrinsic time scale cor-
responding to the time it takes a particle to cross one
site tcross = 1 and also the mean flight time, which de-
pends on density. Tumbling introduces a new time scale
ttumble = 1/α, which must be compared with the previ-
ous wo, rendering the phase diagram highly nontrivial.
Wetting transitions. Simulations for models 1, 2,
and 3 are performed in the range of the parameters
nmax = 1, 2, 3, 4 and 0.025 × 10−2 ≤ α ≤ 3.02 × 10−2,
while the number of sites and global density has been
fixed to Lx = 6000, Ly = 1000, and φ = 0.01. For
model 4, 0.025 × 10−2 ≤ α ≤ 6.23 × 10−2, Lx = 3000,
Ly = 500, and φ = 0.04. Models 2, 3, and 4 are defined
below. We have verified by simulations that in absence
of walls, the system remains in the gas phase for these
parameters. This choice for the system size has the fol-
lowing rationale. First, Ly must be large enough to de-
tect any spatial structuration of the wetting film that will
be formed on the walls. Second, if Lx is small, particles
that evaporate after a tumble from a wall could arrive to
the other wall ballistically, creating artificial correlations
between the two walls. To ensure that evaporated p rti-
cles reach the diffusive regime, one must take Lx  α−1.
Initially, particles are placed randomly, wi h random ori-
entations. Finally, we onsider total simulati n imes
equal to T = 2 × 106 time steps, which are long enough
to reach a steady state and to achieve good statistical
s mpling.
The wetting films are characterized as follows. For
each vertical position i, the film column is defined as the
contiguous nonempty sides beside the w ll (see Fig. 1).
From this, we mea ure the instantaneous thick ess pro-
file ∆(i) and the total number of particles M(i) in the
column. By observing the instantaneous profiles, three
distinct phases are recognized [as a reference, Fig. 1 dis-
plays the instantaneous mass profiles M(i) for nmax = 3
and various values of α]. For low tumbling rates, the
thickness is uniformly greater than 1, corresponding to
3a phase of total wetting. Increasing α, the average val-
ues of M and ∆ decrease. For intermediate α, droplets
appear (roughly arranged periodically) where regions of
vanishing and finite values of M alternate, correspond-
ing to partial wetting. Note that, contrary to equilibrium
wetting transitions, the droplets are 1 or 2 sites thick and
no visible spatial structuration is observed in ∆. There-
fore, it is not possible to define and compute a contact
angle, nor it is possible to describe them using classical
growth models as the Kardar, Parisi, and Zhang equa-
tion [32]. Finally, for larger values of α, the thickness
is small throughout the wall, which is interpreted as a
dewetted phase. The emergence of droplets is a conse-
quence of the particles’ motility and persistence. When
a particle hits the wall, it remains there until a tumble
takes place. If, after a tumble, it moves parallel to the
wall, it will block when hits another particle, acting then
as a nucleation site for droplets. The balance between
evaporation and the incoming flux of particles moving
along the wall stabilizes the size of droplets. Though
the bulk density is small, the density in contact with the
wall is large, reaching the maximum value nmax. Vary-
ing φ changes the transition tumbling rates, but the phe-
nomenology and the morphology of the wetting film and
the droplets remain, as is shown for example in model 4,
where φ = 0.04.
To analyze the first transition, from total to partial
wetting, we compute the instantaneous fraction of sites
with vanishing thickness, Z = |{i : ∆i = 0}|/Ly. Its tem-
poral average 〈Z〉 is an order parameter that for nmax ≥ 2
vanishes when total wetting is achieved and presents a
continuous transition [see Fig. 2(left)]. No transition
takes place for nmax = 1. Close to the critical point
it vanishes as
〈Z〉 = Z0(α− αA)1.0±0.1, α ≥ αA, (1)
where the critical values are indicate in Table I, while
Z0 are nonuniversal prefactors. The exponent 1.0 is a
best fit to power laws, using the protocol described in
Ref. [33], which allows for the extraction of the critical
tumbling rates.
A detailed analysis of the instantaneous values of 〈∆〉
and 〈M〉 shows that the second transition, from par-
tial wetting to dewetting, presents bistability between
these two phases, which alternate in the course of time.
Therefore, for each value of nmax and α, we measure
the order parameters every 1000 time steps and build
the histograms of the different values they can take. As
M and ∆ take integer values, no binning is necessary.
These probability distributions are shown in Fig. 3. For
nmax = 3, 4, the distributions of M show that the system
presents multistability, with higher probabilities having
an integer number of saturated layers (M being a mul-
tiple number of nmax). An analysis of the probability
distributions shows that, indeed, there are different tran-
sitions, when the probabilities of having a certain num-
TABLE I. Critical behavior obtained for the different or-
der parameters (first column) and models (second column).
Best-fit values for the universal exponent (third column) and
nonuniversal critical values of α for nmax = 2 in the case of
〈Z〉 and for nmax = 3 in the case of P and l. The values in
the last column are multiplied by 103 (mean value and error).
〈Z〉 1 1.0± 0.1 2.42± 0.05
2 1.83± 0.05
3 2.49± 0.05
4 5.46± 0.05
P 1 2.0± 0.2 30± 1
2 36± 1
3 29± 1
4 43± 1
l 1 ln 24± 2
2 21± 2
3 28± 2
4 37± 2
ber of layers vanish (see Fig. 3, inset). For nmax = 1, no
transition takes place, but there is instead a continuous
decrease of the different probabilities when increasing α,
and the case for nmax = 2 is less clear. This behavior
is similar to the clustering transitions in one dimension,
where clear transitions are also observed for nmax ≥ 3;
for nmax = 1 no transition takes place and nmax = 2
corresponds to a crossover [28].
We analyze in detail the case when the last layer (M =
nmax) disappears, as it corresponds to the transition to
dewetting. Figure 2(middle) shows that P ≡ P (M =
nmax) vanishes at a critical tumbling rate αB , following
a power law
P = p0 + p1(αB − α)2.0±0.2, α < αB , (2)
where the exponent 2 is a best fit, p0 is a small offset
probably due to finite-size effects, p1 is a nonuniversal
value, and the critical values are given in Table I.
To analyze the spatial structuration in droplets in the
partial wetting to dewetting transition, we consider the
mass spatial correlations C(i) ≡ 〈M(i+ j)M(j)〉−〈M〉2.
The average is done in the steady state over j and
time. Figure 1 displays the correlation function together
with instantaneous values of the mass profile M(i), for
nmax = 3 and various values of α. It is evident that a
periodic structure is present for low values of α. These
correspond to wetting droplets condensed on the walls.
A similar behavior is observed for nmax = 4 (not shown).
When increasing α, the associated wavelength increases
until it saturates with the system size Ly. The posi-
tion l of the first maximum of the correlation functions,
which measures the typical distance between droplets, is
analyzed as a function of α for fixed nmax, showing the
existence of a critical point αC . For α < αC , the critical
law
l = l0 − l1 ln(αC − α) (3)
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FIG. 2. Critical behavior of the three order parameters for the lattice models 1 (stars), 2 (squares), 3 (circles) and 4 (crosses).
Left: hZi above the total to partial wetting transition for nmax = 2. Middle and right: P   p0 and l below the partial wetting
to dewetting transition for nmax = 3. The simulation results, with symbols, are joined by lines to help visualization. The solid
lines in the left and middle panel present power laws with exponent 1 and 2, respectively. The order parameters for larger
values of nmax present similar critical behavior (not shown).
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FIG. 1. Critical behavior described by the order parameter hZi above the total to partial wetting transition. Dots are obtained
from the simulation and the solid lines present the fits with the power law (1). From left to right, the values of nmax are 2, 3,
and 4.
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FIG. 2. Probabilities of getting di↵erent values of the order parameters   (first row) and ofM (second row), for di↵erent values
of ↵, and for nmax = 1, 2, 3, 4 (ordered from left to right). Darker levels of gray indicate larger probabilities. Dots indicate the
average value of the order parameters for each value of ↵. Inset: Probabilities for M = nmax (open circles), M = 2nmax (full
cicles), and M = 3nmax (stars).
the order parameters every 1000 time steps and build
the histograms of the di↵erent values they can take. As
M and   take integer values, no binning is necessary.
These probability distributions are shown in Fig. 2. For
nmax = 3, 4, the distributions of M show that rather
than bistability, the system presents multistability, with
higher probabilities to have an integer number of satu-
rated layers (M is a multiple number of nmax). An anal-
ysis of the probability distributions shows that indeed,
there are di↵erent transitions, when the probabilities to
have a certain number of layers vanish. For nmax = 1, no
transition takes place, but rather a continuous decrease
of the di↵erent probabilities when increasing ↵, and the
case for nmax = 2 is less clear. This behavior is similar
to the clustering transitions in one dimension, where also
for nmax   3 clear transitions are observed, for nmax = 1
no transition takes place and nmax = 2 corresponds to a
crossover [19].
Figure 2-inset shows that indeed the probabilities[NS:
, for nmax = 4,] to have complete layers vanish at certain
values of ↵. We analyze in detail the case when the last
layer (M = nmax) dissapears, as it corresponds to the
transition to dewetting. Figure 3 shows that P (M =
nmax) vanish at a critical tumbling rate ↵B , following a
power law
P (M = nmax) = p0 + p1(↵B   ↵)2.0±0.2, ↵ < ↵B , (2)
where the exponent 2 is a best fit to a power law, p0 is
FIG. 3. Probabilities of getting di↵erent values of the order parameters   (first row) and of M (second row), for di↵erent values
of ↵, and for nmax = 1, 2, 3, 4 (ordered from left to right). Darker levels of gray indicate larger probabilities. Dots indicate the
average value of the order parameters for each value of ↵. Inset: Probabilities for M = nmax (open circles), M = 2nmax (full
circles), and M = 3nmax (stars).
are compatible with the corresponding values of ↵B , ex-
tracted from P , which characterize the same transition.
The di↵erence etween both critical tumbling rates is due
to finite size e↵ects and it is a usual e↵ect that appears
when analyzing critical exponents.
Universality. To study the universality of the previous
results, we consider three variations to the model 1. The
first variation (model 2) consists on jumps taking place
probabilistically as in Ref. [28], where the jump probabil-
ity depends on the destination site occupation and nmax.
In the second variation (model 3), when a tumble takes
place, the new director s is sorted at random between the
two directions perpendicular to the pre-tumble director,
introducing a short time memory in the dynamics. Fi-
nally, the third variatio (model 4) nsists on using a
triangular lattice, with a major axis parallel to the wall.
In thes thre cases, we perform the same analysis on the
order parameters, finding di↵erent lues for the non-
universal coe cients a d critical tumble rates, but the
exponents are equal to those of the model 1 (see Fig. 2
and Table I).
Conclusions and discussion. We have numerically
studied the steady states of four models for active matter
in presence of an impenetrable wall. Wetting phases are
found, analogous to those present in equilibrium molecu-
lar fluids. Nam ly, the system can present total wetting,
FIG. 2. Critical behavi r of the three order parameters for t l i els 1 (stars), 2 (squares), 3 (circles), and 4 (crosses).
(Left) 〈Z〉 above the total to partial wetting transition for nmax 2. (Mi dle, right) P − p0 and l below the partial wetting to
tting transition for nmax = 3. The simulation results, with symbols, are joined by lines to assist in visualization. The solid
lines in the left and mi dle panels present power laws it s 1 ctively. The order paramet rs for larger
values of nmax pr sent similar critical behavior (not sho
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FIG 1. Critical behavior described by the order para eter total to partial wet ing transit on. Dots are obtained
from the simulation and the solid lines present the fits it l (1). From left to right, the values of nmax are 2, 3
and 4.
 0
 0.1
 0.2
 0  0.01  0.02
↵
PM
FIG. 2. Probabilities of getting di↵erent values of the order parameters   (first row) and ofM (second row), for di↵erent values
of ↵, and for nmax = 1, 2, 3, 4 (ordered from left to right). Darker levels of gray indicate larger probabilities. Dots indicate the
average value of the order parameters for each value of ↵. Inset: Probabilities fo M = nmax (open ircles), M = 2nmax (full
cicles), a d M 3nmax (stars).
the order parameters every 1000 time steps and build
the histograms of the di↵erent values they can take. As
M and   take integer values, no binning is necessary.
These probability distributions are shown in Fig. 2. For
nmax = 3, 4, the distributions of M show that rather
than bistability, the system presents multistability, with
higher probabilities to have an integer number of satu-
rated layers (M is a multiple number of nmax). An anal-
ysis of the pr bability distributions shows that indeed,
there are di↵erent transitions, when the probabilities to
have a certain number of layers vanish. For nmax = 1, no
transition takes place, but rather a continuous decrease
of the di↵erent probabilities when increasing ↵, and the
case for nmax = 2 is less clear. This behavior is similar
to the clustering transitions in one dimension, where also
for nmax   3 clear transitions are observed, for nmax = 1
no transition takes place and nmax = 2 corresponds to a
crossover [19].
Figure 2-inset shows that indeed the probabilities[NS:
, for nmax = 4,] to have complete layers vanish at certain
values of ↵. We analyze in detail the case when the last
layer (M = nmax) dissapears, as it corresponds to the
transition to dewetting. Figure 3 shows that P (M =
nmax) vanish at a critical tumbling rate ↵B , following a
power l w
P (M = nmax) = p0 + p1(↵B   ↵)2.0±0.2, ↵ < ↵B , (2)
where the exponent 2 is a best fit to a power law, p0 is
FIG. 3. Probabilities of obtaining different values of the order parameters ∆ (upper row) and M (lower row), for different values
of α, and for nmax = 1, 2, 3, 4 (ordered from left to right). Darker levels of gray indicate larger probabilities. Dots indicate the
average value of the order parameters for each value of α. Inset: Probabilities for M = nmax (open circles), M = 2nmax (full
circles), and M = 3nmax (stars).
is obtained, as shown in Fig. 2(right). Here l0 and l1 are
nonuniversal pr fac ors. The critical values i Table I
are compati le with the corresponding values of αB , ex-
tracted from P , which characterize the same transi ion.
The difference betwe n both critical tu bling rates is due
to finite-size effects and it is a usual ffect that appears
when analyzing critical exponents.
Universality. To st dy the universality of the previ-
ous results, we consider three variations to model 1. The
first variation (model 2) consists of jum s taking pl ce
pr babilistically as in Ref. [28], where the jump probabil-
ity depends on the destination site occupation and nmax.
In the second variation (model 3), when a tumble takes
place, the new director s is sorted at andom between
the two directions perpendicular to the pretumble direc-
tor, introducing a short time memory in the dynamics.
Finally, the third ariation (model 4) consists of using
triangular lattice, with a major axis parall l to the
wall. In these three cases, we perform the same analysis
on the order parameters; we find different values for the
nonuniversal coefficients and critical tumble rates, but
the exponents are equal to those of model 1 (see Fig. 2
and Table I).
Conclusions and discussion. We have numerically
5studied the steady states of four models for active matter
in presence of an impenetrable wall. Wetting phases are
found, analogous to those present in equilibrium molecu-
lar fluids. Namely, the system can present total wetting,
partial wetting, and dewetting phases. The control pa-
rameter is the tumbling rate, which plays an analogous
role to temperature, allowing particles to evaporate from
the wall. Between these phases, nonequilibrium phase
transitions with power-law scaling for the order parame-
ters are obtained. We verified that the critical exponents
are universal, within the range of lattice models. A com-
parison with other models for active matter, for example
in off-lattice models, will indicate whether the obtained
critical laws and the structure of the phase diagram are
universal. The possible relation between the clustering
transitions in a lower-dimensional space (the wall) re-
ported in Ref. [28] and the wetting transitions deserves
further study. However, there is a substantial difference,
in that the latter presents two consecutive transitions ab-
sent in the case of clustering. Finally, different wetting
states can have important effects on the early stages of
biofilm formation or other collective aggregation at sur-
faces, as these states differ appreciably in the particle
disposition at the surface, creating periodic droplets or a
uniform film.
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